Introduction
============

Pregnancy encompasses many physiological changes that profoundly impact thyroid function and creates an increased need for the production of thyroid hormones.[@b1-clep-10-1801] During an uncomplicated pregnancy, thyroid hormone levels adapt automatically; however, women with hypothyroidism require adequate and continuous dosage of THRT throughout pregnancy.[@b1-clep-10-1801] The benefits of adequate THRT for maternal and child health have been reported in several studies.[@b1-clep-10-1801] For example, Abalovich et al[@b2-clep-10-1801] analyzed the effect of inadequate THRT dosage on prematurity among 150 pregnant Argentinian women.[@b2-clep-10-1801] Of the 123 women with adequate treatment at conception and during pregnancy, 1.6% had a premature birth, compared to 12.5% of the 27 inadequately treated women.[@b2-clep-10-1801]

When data on thyroid hormone blood levels are insufficient or outright unavailable, researchers have relied on alternative data to quantify the effect of THRT on pregnancy outcomes.[@b3-clep-10-1801] As a result, the need for data reliability assessment arises, particularly in relation to THRT exposure.[@b4-clep-10-1801] The accuracy of data can be determined when exposure information is derived from several data sources.[@b4-clep-10-1801] A measure of agreement among data sources commonly used in epidemiology is the Cohen's kappa coefficient (*k*).[@b5-clep-10-1801] Palmsten et al,[@b6-clep-10-1801] for example, compared the agreement between medical records and maternal self-report for medications for rheumatoid arthritis and asthma using *k*.[@b6-clep-10-1801] In pharmacoepidemiology, agreement quantification is important to assess the risk of exposure misclassification. A reliable source of exposure information can reduce bias of effect estimates in safety studies. Despite the importance of THRT for maternal--child health, no previous study has explored the agreement of THRT among Norwegian data sources, and there is limited knowledge about long-term prescription patterns to THRT among pregnant women.

The PDC by a dispensed drug therapy informs how well a patient adhered to a treatment.[@b7-clep-10-1801] Though widely used in pharmacoepidemiology, a disadvantage of PDC is that adherence is measured as a single scalar and does not capture time-varying patterns of medication use. A useful alternative to PDC is GBTM.[@b8-clep-10-1801]--[@b10-clep-10-1801] Based on finite-mixture models, GBTM splits the distribution of longitudinal data into a finite number of disjoint trajectory groups. Though GBTMs are common in psychology or criminology, their use in pharmacoepidemiological studies, and specifically pregnancy studies, is rather rare.

The aim of the current study is therefore to 1) assess the agreement between self-report and prescription records of THRT prior to and during pregnancy, and to 2) use a GBTM approach to cluster women with similar prescription patterns of THRT into longitudinal trajectory groups from 6 months prior to 12 months after pregnancy.

Materials and methods
=====================

The present analysis is based on three major data sources: MoBa, MBRN, and NorPD.

MoBa is a prospective, population-based cohort study of pregnancies in Norway that was initiated in 1999 by the Norwegian Institute of Public Health; follow-up is ongoing.[@b11-clep-10-1801] From 1999 to 2008, all women in Norway were invited to participate through a postal invitation in relation to the routine ultrasound examination around gestational week 17. The participation involved response to MoBa Q1. Of the invited women, around 41% consented to participate, with a 95% response rate in MoBa Q1 at gestational week 17, 92% response rate in MoBa Q3 at gestational week 30, and 87% response rate in MoBa Q4 at 6 months after delivery.[@b12-clep-10-1801] The cohort now includes 114,500 children along with 95,200 mothers and 75,200 fathers.[@b13-clep-10-1801] The current study is based on Version 10 of the quality-assured data that were released for research purposes in 2017.

MBRN is a nationwide health registry of information about all births in Norway.[@b14-clep-10-1801] MBRN registers all pregnancies ending after gestational week 12, including terminations.[@b14-clep-10-1801] The registry includes confirmed medical records related to maternal health before and during pregnancy, including perinatal complications.[@b14-clep-10-1801]

NorPD is a nationwide prescription registry established in January 2004. Since then, all pharmacies in Norway have been obliged to send data electronically to the Norwegian Institute of Public Health on all prescribed drugs dispensed to individuals in ambulatory care.[@b15-clep-10-1801] MoBa, MBRN, and NorPD were combined using the unique pregnancy identification number. The timeline of the MoBa questionnaires and prescription records (NorPD) is illustrated in [Figure S1](#SD1-clep-10-1801){ref-type="supplementary-material"}.

Definitions of THRT and maternal characteristics
------------------------------------------------

Information on maternal self-report of THRT was ascertained from the questionnaire-specific item "thyroid disorder" in MoBa Q1.[@b16-clep-10-1801] MoBa Q1 covers the 6-month period prior to pregnancy and the first 4 months during pregnancy (ie, gestational weeks 0--4, 5--8, 9--12, and 13+). In MoBa Q3 and MoBa Q4, women could report THRT use in weeks 13--32, as well as in the last part of pregnancy, under the "other medications" section. THRT was classified based on the ATC Classification System and included levothyroxine (ATC code H03AA01) and liothyronine (ATC code H03AA02).[@b17-clep-10-1801]

We created binary medication exposure for each questionnaire interval (6 months prior to gestation, weeks 0--4 to 25--28, interval 29+, and last part of pregnancy), as self-reported by women checking the questionnaire boxes.

For first-trimester exposure, we combined gestational weeks 0--4, 5--8, and 9--12. Use of THRT in at least one of these intervals classified the respondent as exposed during the first trimester, and as unexposed, if none of them was marked. The second trimester combined gestational weeks 13--16, 17--20, 21--24, and 25--28, and exposure was defined similar to the first trimester. The third trimester included the intervals 29+ and last part of gestation from, respectively, MoBa Q3 and MoBa Q4. Exposure in the third trimester, and during the whole gestational period, was defined similar to the other two trimesters.

NorPD provided information about THRT-dispensing dates and the amount of DDDs. The date of last menstrual period and length of gestation were ascertained from MBRN. Based on these, we defined the following time periods: 6-month pregestational period, 4-week gestational intervals, trimester, pregnancy period, and 12-month postnatal period. Next, based on dispensing date and the number of DDDs, we calculated the supply of THRT.

We then defined a binary medication exposure variable for THRT (ATC code H03AA) for each time period: a woman was classified as exposed in a time period if dates of supply overlapped, by at least 1 day, within the corresponding time period. After we defined start and end dates for each dispensed prescription, we also calculated medication gaps during the pregnancy period. A medication gap was present if a woman did not receive a prescription for THRT for at least 14 consecutive days during pregnancy.[@b18-clep-10-1801] In addition to medication gaps, we determined the precise amount of DDDs dispensed to each woman.

Information about sociodemographic characteristics was obtained from MoBa Q1, including education, income, BMI at conception, and pregnancy planning, and from MBRN, including maternal age, marital status, smoking habits in early pregnancy, and parity. The lifetime history of major depression (LTHMD) was measured in the MoBa Q1 by Kendler et al's lifetime major depression scale, including five items that closely correspond to the Diagnostic and Statistical Manual of Mental Disorders, Third Edition, criteria for LTHMD.[@b19-clep-10-1801] Reproductive history was self-reported in MoBa Q1 and included previous pregnancy outcomes. Items about the perinatal use of recommended nutritional supplements included vitamin D, folic acid, and/or omega-3 fatty acids, either alone or in combination with additional supplements, and were ascertained from MoBa Q1.

Comorbidity variables were classified as medicated or non-medicated, depending on whether the woman reported treatment for epilepsy (ATC code N03A), arthritis (ATC code M01, L04A, N02), diabetes types I and II (A10A, A10B, A10X), anemia (B03A, B03B, B03X), or cardiovascular disorders (C01--C10) on the MoBa Q1. Mental comorbidity (depression and/or anxiety) was determined by the MoBa Q1 and was categorized as medicated or non-medicated, depending on whether the woman reported psychotropic drug use (ATC codes N05 and N06).

Study population
----------------

The study population included women who had a record in MBRN, were enrolled in MoBa Q1, filled MoBa Q3 before delivery, were successfully linked to NorPD, had reported the use of THRT, and received a dispensed prescription ([Figure 1](#f1-clep-10-1801){ref-type="fig"}). In order to ensure that we captured all prescriptions filled to mothers, we excluded women entering MoBa before the establishment of NorPD in 2004. To capture prescriptions dispensed 6 months prior to pregnancy, we restricted the study population to women filling MoBa Q1 and MoBa Q3 in 2005 and afterward. The potential hypothyroid population consisted of women with THRT exposure record in MoBa or NorPD. The hypothyroid population comprised women with THRT exposure recorded in both data sources. The latter group of women had a record of THRT dispensed from pharmacies in NorPD and self-reported use of THRT in MoBa. The flowchart to achieve the final population is depicted in [Figure 1](#f1-clep-10-1801){ref-type="fig"}.

Statistical analysis
--------------------

Descriptive statistics were calculated. We calculated *k* and approximate 95% CIs to estimate the agreement between self-report and prescription records.[@b5-clep-10-1801]

Agreement was determined in the potential hypothyroid population (n=1,388). Agreement was classified according to Landis and Koch as 1) slight, for *k*≤0.20; 2) fair, for 0.21≤*k*\<0.40; 3) moderate, for 0.41≤*k*\<0.60; 4) substantial, for 0.61≤*k*\<0.80; and 5) perfect, for *k*≥0.80.[@b5-clep-10-1801] *k* were calculated for the entire pregnancy period, for the 6-month pregestational period, each trimesters, and 4-week intervals (0--4 to 25--28 weeks). Agreement by maternal factors, such as smoking, education, and BMI, related to the 6 months prior through the end of pregnancy period. Prescription records were considered as the reference standard because of the following: 1) women were specifically asked about "thyroid disease" only in MoBa Q1; 2) MoBa Q1 and MoBa Q3 overlapped for the assessment of exposure around weeks 13--16 but with different questions ("thyroid disease" treatment in MoBa Q1 vs "other medications" in MoBa Q3); and 3) prior research used prescription records or medication diaries as reference standard.[@b20-clep-10-1801]--[@b23-clep-10-1801] Values for sensitivity, specificity, PPV and NPV, and 95% CIs were estimated based on [Table S1](#SD2-clep-10-1801){ref-type="supplementary-material"}. GBTMs were used to identify women with similar adherence patterns and to cluster them into disjoint trajectory groups.[@b24-clep-10-1801] For our GBTM analysis, we considered 28 monthly (4-week) binary indicators of dispensed prescriptions. Based on dispensing date and the amount of DDDs dispensed per prescription, we calculated start and end dates of supply. If the dates of supply overlapped with a certain 4-week interval, we coded this as "1" to reflect that prescription records were present for that particular month. If the dates and interval did not overlap, we coded that as "0".

We calculated supplies of THRT from 6 months prior to pregnancy and up to 12 months after delivery in the hypothyroid population (1,171 women). We restricted the GBTM analysis to the hypothyroid population since only women using THRT at some point around pregnancy can be clustered according to patterns of medication adherence.

In order to identify maternal characteristics specific to the least compliant group of women, we performed multivariate logistic regression for the binary outcome "the least compliant group" vs "the other three groups", identified by GBTM analysis. There was 27.7% missing information among the covariates. To avoid reduction of the sample size, we carried out multiple imputation for the multivariate analysis, under the assumption that data were missing at random. Further details on multiple imputation procedure are described in the Supplementary materials. Multiple regression analysis with generalized estimating equations was performed on each imputed set. The final-effect estimates were calculated by averaging over effect estimates of all imputed sets.

Data preparation and agreement estimation were performed in R (version 3.4.1). GBTMs were estimated in Stata/MP 15.1 using the "traj" plugin.[@b25-clep-10-1801] Multiple imputation was performed in R with the package "mice", and multiple regression analysis was performed using the "survey" package in R.[@b26-clep-10-1801],[@b27-clep-10-1801] Model selection on each imputed data set was done using the "step"-function in R.

Ethics
------

For using data from MoBa, a license was obtained from the Norwegian Data Inspectorate and approval from the Regional Committee for Medical Research Ethics. The overall MoBa study has been approved by the Norwegian Data Inspectorate (01/4325) and the Regional Committee for Medical Research Ethics (S-97045, S-95113). The current study was approved by the Regional Committee for Medical Research Ethics (2015/1241, REK Sør-Øst B). All participants provided written informed consent prior to participation.

Results
=======

The study population comprised 56,148 pregnancy records, which were enrolled in MoBa after 2005 ([Figure 1](#f1-clep-10-1801){ref-type="fig"}). Around 44.3% of pregnancies were excluded from the study because they were recruited into MoBa before 2005. The characteristics of the study population were similar to those of the overall MoBa population (results not shown). The characteristics of the population by hypothyroid status are outlined in [Table 1](#t1-clep-10-1801){ref-type="table"}.

Women with hypothyroidism (n=1,171) were older (\>30 years, 75.1% vs 57.9%), tended to have a higher BMI at conception (\>30, 17.6% vs 9.7%), and were less often pregnant with the first child (primiparity, 42.4% vs 47.5%) compared to women with no hypothyroidism ([Table 1](#t1-clep-10-1801){ref-type="table"}). In addition, women with hypothyroidism complied more often with recommended nutritional supplements (56.2% vs 44.9%), had a higher rate of LTHMD (36.2% vs 23.6%), and were more frequent in the very-high-income class (\>54,443 USD, 16.9% vs 14.5%).

The rate of women using THRT in both the pregestational and gestational period was approximately 2% ([Table 2](#t2-clep-10-1801){ref-type="table"}). The percentage from prescription records was slightly higher than from self-report, and this appeared to be constant over the trimesters. However, during the third trimester, only 1.0% of women self-reported THRT, while 2.1% filled a THRT prescription.

Results of the agreement analysis are presented in [Tables 2](#t2-clep-10-1801){ref-type="table"} and [S2](#SD3-clep-10-1801){ref-type="supplementary-material"}. The *k* in the whole gestational period was 0.91 (95% CI: 0.89--0.92) ([Table 2](#t2-clep-10-1801){ref-type="table"}) and ranged from 0.76 (0.76--0.77) to 0.39 (0.38--0.40) for the weeks 0--4 and 25--28, respectively ([Table S2](#SD3-clep-10-1801){ref-type="supplementary-material"}).

The rate of women reporting THRT in MoBa ranged from 1.7% to 1.9% for 4-week intervals 0--4 to 13--16 and dropped to 0.6% for the intervals 17--20 to 25--28 ([Table S2](#SD3-clep-10-1801){ref-type="supplementary-material"}). The percentage of filled prescription records ranged from 1.6% to 1.8% for all 4-week intervals.

Lower *k* were associated with being underweight (0.87 \[0.77--0.97\]), having low educational level (\<9 years) (0.75 \[0.58--0.92\]), as well as smoking at the beginning of pregnancy (results not shown); daily smokers had a *k* of 0.91 (0.85--0.96), and sporadic smokers had a *k* of 0.84 (0.69--0.98). In comparison, the *k* were higher for women being of normal weight (0.92 \[0.90--0.93\]), overweight (0.92 \[0.89--0.94\]), or obese (0.91 \[0.88--0.94\]), for women having medium (9--12 years) (0.88 \[0.86--0.91\]), high (13--16 years) (0.92 \[0.90--0.94\]), or very high (\>16 years) (0.94 \[0.92--0.96\]) educational level, and for nonsmokers in early pregnancy (0.92 \[0.91--0.93\]).

With prescription records as reference standard, sensitivities ranged from 84.5% (82.5%--86.5%) for the whole pregnancy period to 42.3% (39.5%--45.1%) in the third trimester (results not shown). Specificities varied slightly between 99.8% and 99.9%. The PPVs varied from 98.2% (97.4%--98.9%) in the whole gestational period to 88.5% (85.8%--91.1%) in the third trimester, while the NPVs varied from 99.6% (99.5%--99.7%) for the whole pregnancy period to 98.7% (98.7%--98.8%) in the third trimester.

We analyzed adherence trajectory models with one to five groups among the hypothyroid population of 1,171 women. The final four-group model ([Figure 2](#f2-clep-10-1801){ref-type="fig"}) was chosen as the best fitting model according to the Bayesian Information Criterion under the minimum group size constraint (\>5.0%) ([Table S3](#SD4-clep-10-1801){ref-type="supplementary-material"}). Four patterns of THRT adherence during the 28-month period around gestation emerged: constant-high (C-H), constant-medium (C-M), increasing-medium (I-M), decreasing-low (D-L). Each woman was assigned to a group based on her maximal membership probability over the groups. The C-H group was the largest, consisting of about 50.2% of all women with hypothyroidism, followed by the C-M group with 33.0% and by the I-M group with 11.0%. The remaining 5.8% were classified as the D-L group.

There were differences in terms of BMI, age, reproductive history, education, income, smoking, and LTHMD between the adherence groups ([Table 3](#t3-clep-10-1801){ref-type="table"}).

Variations in aspects of drug utilization between the adherence groups are presented in [Table 4](#t4-clep-10-1801){ref-type="table"}: the C-H group had on average more than three prescriptions of THRT with DDDs covering 82% of gestation during pregnancy, while the D-L group had less than two prescriptions of THRT with DDDs covering 20% of gestation. Medication gaps longer than 14 days were most frequent in the C-M group, and the I-M group increased dosage of THRT in the early months of gestation.

Based on multiple logistic regression analysis, women within the D-L group were four times more likely to have \<9 years of education (OR 4.10, 95% CI: 1.05--16.03) compared to the other groups ([Table 5](#t5-clep-10-1801){ref-type="table"}).

Discussion
==========

This study is, to our knowledge, the first to estimate the agreement between self-report and prescription records for THRT based on Norwegian data sources. The results show that self-report and prescription records are consistent with especially high agreement in the first and second trimesters. In the third trimester, agreement between MoBa and NorPD for THRT was only moderate. However, by splitting first and second trimester into 4-week intervals, a clear drop in agreement from MoBa Q1 to MoBa Q3 emerged.

Agreement in the second trimester might be higher than that in the first or third trimester, given that we have defined the former to include one additional 4-week interval. However, the increment in agreement introduced by a sole, additional 4-week interval is considered to be minor and to not substantially change the interpretation of the results. The sensitivity for self-reported data on THRT was very good for the whole gestational period (84.5%), albeit lower for the third trimester (42.3%).

The agreement and sensitivity in the second trimester might be affected by the weeks 13--16. The MoBa questionnaires overlap for the assessment of exposure around weeks 13--16 but with different questions ("thyroid" treatment in MoBa Q1 vs "other medications" in MoBa Q3). Hence, women might have reported THRT use more correctly in MoBa Q1, given the indication-specific rather than open-ended question. Due to the overlap for time period 13--16 weeks, we aggregated both intervals, and women were exposed if they crossed out this time period in MoBa Q1 or MoBa Q3. This could have led to higher agreement for this month (13--16 weeks) and the second trimester, and such possibility should be kept in mind, when interpreting the results. Besides the questionnaire design and length of time intervals, there might exist other explanations for the observed drop in self-reporting in late gestation, such as retrospective reporting and negative pregnancy outcome. For example, after a miscarriage or stillbirth, there might be a higher probability of dropout or non-completion of the late pregnancy questionnaire.[@b28-clep-10-1801] This results in a lack of consistency between THRT estimates based on MoBa data and those from other data sources, such as NorPD.

Our findings are generally similar to those of three prior studies, albeit with some differences in sensitivity (84.5% in our study vs 70.0%--85.6% in the other studies).[@b21-clep-10-1801]--[@b23-clep-10-1801] Though our results vary slightly from previous studies,[@b21-clep-10-1801]--[@b23-clep-10-1801] the conclusions are consistent, and the slight differences might stem from different study designs, reference standards, as well as variations in time elapsed between response to questionnaires (self-report) and actual exposure time.[@b21-clep-10-1801]--[@b23-clep-10-1801]

In addition, around 2% of women in the study population used THRT. This result is consistent with the Norwegian study by Bjoro et al,[@b29-clep-10-1801] which estimated that around 1%--2% of women in their reproductive age used thyroxine.[@b29-clep-10-1801] A higher proportion of THRT exposure during pregnancy was found in the French study by Demailly et al.[@b30-clep-10-1801] Geographic and ethnic variations in prevalence of thyroid disorders, and possible differences in definition of thyroid disease and severity, or in treatment guidelines and practice might explain this discrepancy.[@b31-clep-10-1801],[@b32-clep-10-1801]

Based on agreement between data sources and our background knowledge about the MoBa questionnaires, we specified NorPD as a reference standard in our validation. A possible caveat is that the validity of self-reports on THRT might be underestimated.[@b28-clep-10-1801] For safety studies that rely on mid and late gestational exposure of THRT, NorPD seems to be a better source for exposure definition, as MoBa, which by design, did not capture THRT in the late second and third trimesters.

When exploring adherence patterns with GBTM among women who self-reported and filled a prescription for THRT, we identified four disjoint groups.

None of the identified trajectories followed the shape of a very low and stable trajectory, or a trajectory that decreased from very high or medium to medium or low adherence during pregnancy. In addition, there was no evident increase of THRT adherence after delivery relative to the pregnancy period. This is contrary to prior studies on antidepressant or statin use during pregnancy, where fear of teratogenic effects due to drug exposure can probably explain the constantly low or decreasing adherence during pregnancy.[@b8-clep-10-1801],[@b33-clep-10-1801] Additionally, adherence kept decreasing even after delivery in the D-L group. It is possible that women in the D-L group might have less severe conditions, such as subclinical hypothyroidism.

Low adherence among 6% of women with hypothyroidism might also be explained by the fact that THRT, such as levothyroxine, is still perceived as risky by pregnant, lactating, or women attempting to conceive, even though its usage is safe and recommended when clinically needed.[@b34-clep-10-1801],[@b35-clep-10-1801] However, based on the results presented, pregnancy did not seem to be a major driver of low medication adherence in the context of THRT.

Women in the C-M group would benefit from medical surveillance of THRT use during pregnancy, as they are characterized by frequent gaps between dispensing prescriptions. Having a LTHMD was a common characteristic of women in the C-M and D-L groups. This suggests that poorer mental health may negatively affect a spectrum of women's health behaviors, including treatment of nonpsychiatric disorders.[@b36-clep-10-1801] The high rate of obesity and negative reproductive events among women in the C-H group may indicate more severe hypothyroidism.[@b37-clep-10-1801],[@b38-clep-10-1801] It is also interesting that the stable dynamics are those associated with relative high adherence to THRT. This underpins the possibility of more severe hypothyroid conditions associated with women within these groups, who might keep THRT constant to ensure well-being.

While GBTMs have been used as measures of adherence for other medication such as statins, this is the first time longitudinal trajectory models have been applied to THRT.[@b8-clep-10-1801] For THRT, the PDC and the DDD levels also matched the trajectory dynamics of the four adherence groups. In summary, we obtained a better understanding of long-term drug utilization around gestation and identified characteristics which are linked to certain adherence patterns.

Differences in parity, smoking habits, and BMI in the hypothyroid group compared to a reference group have been confirmed in the study by Männistö et al.[@b39-clep-10-1801] Our finding that the hypothyroid population had higher percentage of LTHMD was confirmed by literature that reported a link between thyroid disorders and depression.[@b40-clep-10-1801] The regression analysis showed that women with less education are more likely to belong to the D-L group. Lower educational level may have negative impact on understanding concepts of medication use, such as side effects or dosage schedule.[@b41-clep-10-1801] Less knowledge about THRT and its use during pregnancy might explain why women in this group use treatment more sporadically. Fear about adverse side effects of THRT for the unborn child cannot be the only explanation as there is also a decrease in prescriptions after delivery. For women with low education level, prepregnancy counseling about accurate use of THRT might improve adherence in this group.[@b41-clep-10-1801] More research is however needed to identify characteristics of women in the low THRT adherence group, and reasons for low adherence, in order to optimize intervention strategies.

The use of high-quality and multiple data sources was a clear strength of this study.[@b11-clep-10-1801],[@b15-clep-10-1801] The advantage of using NorPD as reference standard is that the information is objective and satisfactorily valid for chronic medication treatment. In comparison to other data sources (eg, self-report) on long-term THRT, NorPD represents a more complete, valid, and reliable data source.[@b15-clep-10-1801] In addition, prescription records are not affected by recall bias. Using a relatively novel methodological approach to identify different adherence patterns allowed us to gain a more complete picture about long-term adherence in the time around pregnancy.[@b42-clep-10-1801] Furthermore, with the specification of the research question on THRT, we showed that agreement was consistent with medication use for other chronic disorders and presented consistent percentages of THRT use during pregnancy in Norway.[@b6-clep-10-1801],[@b29-clep-10-1801] Exploring patterns of adherence to THRT across pregnancy may inform future research about the importance of evaluating the consequences of suboptimal medication adherence on maternal--child health. Not least, knowledge about characteristics of less compliant women might be of value for adherence interventions.

An important study limitation is selection bias in the MoBa data.[@b13-clep-10-1801] It is known that women participating in MoBa are on average older and have a better socioeconomic situation and smoke less often during pregnancy than the overall Norwegian population.[@b13-clep-10-1801] Since the hypothyroid population reflected this selection process with respect to age, socioeconomic status, and smoking, the identified adherence group percentages might not be representative of the overall hypothyroid pregnant population in Norway. While the true adherence group percentages might be higher for the C-H group, the identified patterns of THRT adherence are only approximations to the real use of THRT around gestation.[@b43-clep-10-1801]--[@b45-clep-10-1801] We could however validate that the majority of patients continue THRT in the long term once started, as well as specific characteristics of hypothyroid population.[@b39-clep-10-1801],[@b46-clep-10-1801]

Another limitation is that the MoBa questions about thyroid disease and treatment are framed differently in the beginning compared to the end of pregnancy. This can result in underestimation of the degree of THRT use in mid to late gestational periods. NorPD does not reflect actual medication use, only what has been dispensed from the pharmacy. Women could decide not to take the medication or take it differently than prescribed.[@b21-clep-10-1801],[@b47-clep-10-1801] Furthermore, NorPD does not capture medications bought online through other channels than Norwegian pharmacies or treatment given during hospital stays.[@b21-clep-10-1801] In total, NorPD might overestimate prenatal drug exposure, as well as underestimate validity of self-report.[@b28-clep-10-1801]

The lower agreement in the 4-week intervals could stem from discrepancies in dates of supply and maternal report of THRT use. Indeed, such a granular window of exposure is more susceptible to inaccuracy than broader windows like the trimesters of pregnancy.

Although we do not consider the discrepancy in dates of supply to have major impact on our results, we cannot completely rule out some influence.

We have no information about the severity of hypothyroidism. Disease severity however might be an important determinant of THRT use and adherence to prescribed treatment. Future studies should include this information.

The fact that we had almost 30% missing information on important variables is a data limitation. However, to limit this risk of bias, we carried out multiple imputation. A drawback of this analysis was that, also after multiple imputation, the cell counts for some independent variables in the D-L group remained low, that is \<5, leading to less precise effect estimates. We cannot rule out that the cell count also affected the choice of selected variables in the model selection process. These limitations of the analysis present a caveat to the reliability of these results.

Conclusion
==========

Women with hypothyroidism tend to accurately report use of prescribed THRT during early pregnancy. Differences in exposure measurement in the MoBa questionnaires in the beginning and toward the end of pregnancy can likely influence the accuracy of recall, and thus the agreement between the two data sources, especially in mid to late gestational periods.

Given that approximately one in two women adhered adequately to THRT around pregnancy, there is still room for improvement. Behavioral and educational interventions targeted to women, especially those with unfavorable socioeconomic characteristics, could improve adherence to THRT. Likewise, women with hypothyroidism should be empowered to develop an evidence-based understanding about the importance of THRT in the perinatal period, to safeguard maternal and child health. Using GBTM, this study illustrated how feasible it is to identify attributes, which are linked to medication adherence and long-term medication use.

Supplementary materials
=======================

Additional details on multiple imputation analysis
--------------------------------------------------

We assumed that the data were missing at random and that the missing information depended on the observed variables. We therefore imputed the missing information using multiple imputation by chained equations.[@b48-clep-10-1801] We used a Gibbs sampler to draw from conditional distributions that were generated from an initial random imputation of all missing variables.[@b48-clep-10-1801],[@b49-clep-10-1801]

In our analysis, we created 10 imputed data sets and let the Gibbs sampler run for 120 iterations to ensure convergence. This number of iterations is enough as each imputation set depends on the previous imputed variables, together with the other auxiliary variables.[@b48-clep-10-1801] The auxiliary variables for imputing the missing information were age, body mass index, marital status, pregnancy planning, income, educational level, smoking, both comorbidities, recommended supplement use, parity, history of negative reproductive event, LTHMD, and the binary outcome variable. In addition, we included variables which might influence nonresponse, such as fetal survival, indicators of plural pregnancies (twin/triplets), and prescription records and self-report indicator variables. Furthermore, we added the variable that characterizes the four trajectory groups as well as the variable presenting the percentage of days covered.

Before the final regression analysis, predictor variables were chosen using combined forward and backward stepwise-model selection on each of the 10 imputed data sets. The model with the lowest Akaike Information Criterion value for each imputed set was chosen. Finally, if a variable was selected at least on one of the 10 completed sets, we included it in the final model.

###### 

Timeline of questionnaires (MoBa) and of prescription records (NorPD).

**Notes:** MoBa Q1, completed in gestational week 17, covers medication use in early pregnancy. MoBa Q2 is a dietary questionnaire filled out around gestational week 22 and was not included in this study. MoBa Q3, completed in gestational week 30, covers medication use in mid pregnancy. MoBa Q4, completed 6 months after delivery, covers medication use in last part of pregnancy and during the first 6 months after delivery. We did not include the first 6 months after delivery covered by MoBa Q4 in our analysis.

**Abbreviations:** GW, gestational week; LMP, last menstrual period; MoBa, Norwegian Mother and Child Cohort Study; MoBa Q1, MoBa questionnaire 1; MoBa Q2, MoBa questionnaire 2; MoBa Q3, MoBa questionnaire 3; MoBa Q4, MoBa questionnaire 4; NorPD, Norwegian Prescription Database.

###### 

Calculation of sensitivity, specificity, PPV, and NPV[a](#tfn26-clep-10-1801){ref-type="table-fn"}

                                            NorPD reference standard                                                                                                       
  ----------------------------------------- --------------------------------------------------------------- -------------------------------------------------------------- ------------------------------------------------------
  MoBa questionnaire positive (exposed)     A[b](#tfn27-clep-10-1801){ref-type="table-fn"} ("Both")         B[b](#tfn27-clep-10-1801){ref-type="table-fn"} ("MoBa only")   "MoBa total"
  MoBa questionnaire negative (unexposed)   C[b](#tfn27-clep-10-1801){ref-type="table-fn"} ("NorPD only")   D[b](#tfn27-clep-10-1801){ref-type="table-fn"} ("Neither")     "Total"--"MoBa total"
                                            "NorPD total"                                                   "Total"--"NorPD total"                                         "Total"[c](#tfn28-clep-10-1801){ref-type="table-fn"}

**Notes:**

Sensitivity: A/(A+C)\*100, sensitivity standard error (SE_sensitivity)=((sensitivity\*(1--sensitivity))/(A+C))^1/2^; specificity: D/(D+B)\*100, specificity standard error (SE\_ specificity)=((specificity\*(1--specificity))/(D+B))^1/2^; PPV: A/(A+B)\*100, PPV standard error (SE_PPV)=((PPV\*(1--PPV))/(A+B))^1/2^; NPV: D/(D+C)\*100, NPV standard error (SE_NPV)=((NPV\*(1--NPV))/(D+C))^1/2^; given the standard error (SE), we calculate 95% CI, with Z-score (Z) of 1.96 according to (x--Z\*SE, x+Z\*SE), with x representing sensitivity, specificity, PPV, or NPV and SE the respective standard errors.

Table cell counts correspond to the number of consistent (ie 'Both', 'Neither') and inconsistent (ie 'MoBa only', 'NorPD only') self-reports and prescription records, and depend on THRT exposure length.

Total study population, n=56,148.

**Abbreviations:** MoBa, Norwegian Mother and Child Cohort Study; NorPD, Norwegian Prescription Database; NPV, negative predictive value; PPV, positive predictive value; THRT, thyroid hormone replacement therapy.

###### 

Agreement between MoBa and NorPD for 4-week intervals in MoBa Q1 and MoBa Q3

  THRT           MoBa total[a](#tfn30-clep-10-1801){ref-type="table-fn"}     NorPD total[a](#tfn30-clep-10-1801){ref-type="table-fn"}   MoBa only   NorPD only   Both   Neither   Agreement                                                    
  -------------- ----------------------------------------------------------- ---------------------------------------------------------- ----------- ------------ ------ --------- ----------- -------- ------------------- ------------------- ---
  Q1             Weeks 0--4                                                  959                                                        1.7         923          1.6    231       202         721      54,987              0.76 (0.76--0.77)   S
  Weeks 5--8     968                                                         1.7                                                        941         1.7          238    211       730         54,969   0.76 (0.75--0.77)   S                   
  Weeks 9--12    978                                                         1.7                                                        960         1.7          232    214       746         54,956   0.77 (0.76--0.77)   S                   
  Q3             Weeks 13--16[d](#tfn33-clep-10-1801){ref-type="table-fn"}   1,065                                                      1.9         957          1.7    262       154         803      54,929              0.79 (0.78--0.80)   S
                 Weeks 17--20                                                330                                                        0.6         985          1.7    68        723         262      55,095              0.39 (0.38--0.40)   f
  Weeks 21--24   334                                                         0.6                                                        1,031       1.8          69     766       265         55,048   0.38 (0.37--0.39)   f                   
  Weeks 25--28   338                                                         0.6                                                        1,042       1.8          66     770       272         55,040   0.39 (0.38--0.40)   f                   

**Notes:**

Total study population, n=56,148.

Cohen's kappa coefficient (*k*).

Subdivision of agreement by Landis and Koch: \<0, no (no); 0--0.20, slight (s); 0.21--0.40, fair (f); 0.41--0.60, moderate (m); 0.61--0.80, substantial (S); and 0.81--1.00, perfect (P).

Weeks 13--16 aggregate the text box "week 13+" from MoBa Q1 and "weeks 13--16" from MoBa Q3.

**Abbreviations:** MoBa, Norwegian Mother and Child Cohort Study; MoBa Q1, MoBa questionnaire 1; MoBa Q3, MoBa questionnaire 3; NorPD, Norwegian Prescription Database; THRT, thyroid hormone replacement therapy.

###### 

Model selection using BIC criterion, and estimated group proportions

      Estimated group proportionsa                                               
  --- ------------------------------ --------------- ------ ------ ------ ------ ------
  1   −18,540                        2               100    --     --     --     --
  2   −16,263                        2, 3            39.0   61.0   --     --     --
  3   −15,939                        2, 1, 3         5.8    37.7   56.5   --     --
  4   −15,640                        2, 3, 0, 3      5.8    11.0   33.0   50.2   --
  5   −15,539                        1, 3, 3, 2, 3   4.7    19.3   9.2    31.5   35.3

**Notes:**

Estimated group proportions should exceed 5.0%.

BIC (for the total number of participants) was calculated as BIC=2\*log(L)--k\*log(N), where L is the maximal value of the model's likelihood function, k represents the number of model parameter, and N the sample size.[@b50-clep-10-1801] The model with the highest (least negative) BIC value is preferred.

Trajectory shapes: 0, constant; 1, linear; 2, quadratic; and 3, cubic.

**Abbreviation:** BIC, Bayesian Information Criterion.
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![Adherence patterns of four-group trajectories.\
**Notes:** Estimated adherence trajectories (solid lines), observed group means at each month (dot symbols), and estimated percentages for each group: D-L, I-M, C-M, and C-H. Dashed lines are approximated 95% pointwise CIs on the estimated trajectories. Vertical red lines mark the start of the 6-month period prior to pregnancy (at month "--6"), the start of the pregnancy period (at month "0"), and the start of postnatal period (at month "+1").\
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###### 

Characteristics of analytical populations

  Variables                                                                             Hypothyroid population[a](#tfn1-clep-10-1801){ref-type="table-fn"} (n=1,171, %)   Non-hypothyroid population[b](#tfn2-clep-10-1801){ref-type="table-fn"} (n=54,760, %)   *P*-value[c](#tfn3-clep-10-1801){ref-type="table-fn"}
  ------------------------------------------------------------------------------------- --------------------------------------------------------------------------------- -------------------------------------------------------------------------------------- -------------------------------------------------------
  Maternal age                                                                                                                                                                                                                                                   
   ≤24                                                                                  60 (5.1)                                                                          5,622 (10.3)                                                                           \<0.001
   25--29                                                                               230 (19.6)                                                                        17,385 (31.7)                                                                          
   30--34                                                                               562 (47.9)                                                                        21,552 (39.3)                                                                          
   ≥35                                                                                  319 (27.2)                                                                        10,201 (18.6)                                                                          
  BMI at conception kg/m^2^                                                                                                                                                                                                                                      
   ≤18                                                                                  21 (1.8)                                                                          1,709 (3.1)                                                                            \<0.001
   19--24                                                                               606 (51.7)                                                                        33,464 (61.1)                                                                          
   25--29                                                                               308 (26.3)                                                                        12,976 (23.7)                                                                          
   ≥30                                                                                  206 (17.6)                                                                        5,316 (9.7)                                                                            
  Married/cohabitant                                                                                                                                                                                                                                             
   Yes                                                                                  1,114 (95.1)                                                                      52,328 (95.6)                                                                          0.517
   No                                                                                   57 (4.8)                                                                          2,431 (4.4)                                                                            
  Pregnancy planning                                                                                                                                                                                                                                             
   Yes                                                                                  939 (80.2)                                                                        44,104 (80.5)                                                                          0.699
   No                                                                                   221 (18.9)                                                                        10,060 (18.4)                                                                          
  Parity                                                                                                                                                                                                                                                         
   Multiparity                                                                          675 (57.6)                                                                        28,642 (52.3)                                                                          \<0.001
   Primiparity                                                                          496 (42.4)                                                                        26,034 (47.5)                                                                          
  Maternal income[d](#tfn4-clep-10-1801){ref-type="table-fn"}                                                                                                                                                                                                    
   \<16,013 USD                                                                         277 (23.6)                                                                        12,922 (23.6)                                                                          0.048
   16,013--54,443 USD                                                                   662 (56.5)                                                                        32,135 (58.7)                                                                          
   \>54,443 USD                                                                         199 (16.9)                                                                        7,937 (14.5)                                                                           
  Educational level-ongoing                                                                                                                                                                                                                                      
   \<9 years                                                                            12 (1.0)                                                                          916 (1.7)                                                                              0.080
   9--12 years                                                                          275 (23.5)                                                                        13,770 (25.1)                                                                          
   12--16 years                                                                         487 (41.6)                                                                        22,766 (41.6)                                                                          
   \>16 years                                                                           377 (32.2)                                                                        16,278 (29.7)                                                                          
  Smoking status in early pregnancy                                                                                                                                                                                                                              
   Yes[e](#tfn5-clep-10-1801){ref-type="table-fn"}                                      67 (5.7)                                                                          3,947 (7.3)                                                                            0.058
   No                                                                                   866 (73.9)                                                                        39,974 (72.9)                                                                          
  Use of recommended supplements (MoBa Q1)                                                                                                                                                                                                                       
   Yes                                                                                  658 (56.2)                                                                        24,579 (44.9)                                                                          \<0.001
   No                                                                                   513 (43.8)                                                                        30,181 (55.1)                                                                          
  LTHMD                                                                                                                                                                                                                                                          
   Yes[f](#tfn6-clep-10-1801){ref-type="table-fn"}                                      424 (36.2)                                                                        12,904 (23.6)                                                                          \<0.001
   No                                                                                   730 (62.3)                                                                        40,449 (73.8)                                                                          
  History of negative reproductive events[g](#tfn7-clep-10-1801){ref-type="table-fn"}                                                                                                                                                                            
   Yes                                                                                  409 (34.9)                                                                        17,789 (32.5)                                                                          0.112
   No                                                                                   745 (63.6)                                                                        35,759 (65.3)                                                                          
  Somatic comorbidity (MoBa Q1)                                                                                                                                                                                                                                  
   No                                                                                   888 (75.8)                                                                        48,887 (89.3)                                                                          \<0.001
   Medicated                                                                            147 (12.5)                                                                        2,147 (3.9)                                                                            
   Non-medicated                                                                        136 (11.6)                                                                        3,726 (6.8)                                                                            
  Mental comorbidity (MoBa Q1)                                                                                                                                                                                                                                   
   No                                                                                   1,022 (87.3)                                                                      49,510 (90.4)                                                                          \<0.001
   Medicated                                                                            52 (4.4)                                                                          1,152 (2.1)                                                                            
   Non-medicated                                                                        97 (8.3)                                                                          4,098 (7.5)                                                                            

**Notes:**

There was missing covariates information in 27.7% of the sample: education (1.7%), pregnancy planning (0.9%), BMI (2.6%), income (2.8%), LTHMD (1.5%), negative reproductive history (1.5%), and smoking (20.3%).

There was missing covariates information in 28.7% of the cases: education (1.9%), pregnancy planning (1.1%), parity (0.1%), BMI (2.4%), income (3.2%), LTHMD (2.6%), negative reproductive history (2.2%), and smoking (19.8 %).

Chi-square test comparison between non-hypothyroid population and hypothyroid population, rejecting the null hypothesis that the two sets are similar with 0.05 significance level.

Women's income status (USD/year): 1.00 NOK ≈0.13 USD.

Smoking consists of daily and occasional smokers.

Includes both major depression without and with negative lifetime event.

Previous negative event includes spontaneous abortion/stillbirth, ectopic pregnancy, and termination of pregnancy (MoBa Q1).

**Abbreviations:** BMI, body mass index; LTHMD, lifetime history of major depression; MoBa Q1, Norwegian Mother and Child Cohort Study questionnaire 1; NOK, Norwegian Kroner.

###### 

Agreement between MoBa and NorPD by trimester, pregestational period, and gestational period

  THRT                                                              MoBa total[a](#tfn9-clep-10-1801){ref-type="table-fn"}   NorPD total[a](#tfn9-clep-10-1801){ref-type="table-fn"}   MoBa only   NorPD only   Both   Neither   Agreement                                
  ----------------------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------- ----------- ------------ ------ --------- ----------- -------- ------------------- ---
  6 months prior to LMP                                             1,001                                                    1.8                                                       1,198       2.1          48     245       953         54,902   0.86 (0.85--0.88)   P
  First trimester                                                   1,004                                                    1.8                                                       1,129       2.0          111    236       893         54,908   0.83 (0.82--0.85)   P
  Second trimester[d](#tfn12-clep-10-1801){ref-type="table-fn"}     1,077                                                    1.9                                                       1,224       2.2          56     203       1,021       54,868   0.89 (0.87--0.90)   P
  Third trimester                                                   557                                                      1.0                                                       1,165       2.1          64     672       493         54,919   0.57 (0.54--0.59)   m
  Gestational period[e](#tfn13-clep-10-1801){ref-type="table-fn"}   1,141                                                    2.0                                                       1,325       2.3          21     205       1,120       54,802   0.91 (0.89--0.92)   P

**Notes:**

Total study population, n=56,148.

Cohen's kappa coefficient (*k*).

Subdivision of agreement by Landis and Koch: \<0, no (no); 0--0.20, slight (s); 0.21--0.40, fair (f); 0.41--0.60, moderate (m); 0.61--0.80, substantial (S); and 0.81--1.00, perfect (P).

Weeks 13--16 aggregate the text box "week 13+" from MoBa Q1 and "weeks 13--16" from MoBa Q3.

LMP to delivery.

**Abbreviations:** LMP, last menstrual period; MoBa, Norwegian Mother and Child Cohort Study; MoBa Q1, MoBa questionnaire 1; MoBa Q3, MoBa questionnaire 3; NorPD, Norwegian Prescription Database; THRT, thyroid hormone replacement therapy.

###### 

Maternal characteristics among the adherence groups

  Variables                                                                              Adherence groups                             
  -------------------------------------------------------------------------------------- ------------------ ------------ ------------ ------------
  Maternal age                                                                                                                        
   ≤24                                                                                   6 (0.9)            13 (10.1)    27 (7.0)     14 (2.4)
   25--29                                                                                20 (28.6)          31 (24.2)    81 (21.2)    98 (16.6)
   30--34                                                                                30 (42.9)          54 (42.2)    179 (46.9)   299 (50.5)
   ≥35                                                                                   14 (20.0)          30 (23.4)    94 (24.7)    181 (30.6)
  BMI at conception kg/m^2^                                                                                                           
   ≤18                                                                                   1 (1.4)            4 (3.1)      9 (2.4)      7 (1.2)
   19--24                                                                                35 (50.0)          66 (51.6)    224 (58.8)   281 (47.5)
   25--29                                                                                25 (35.7)          33 (25.8)    92 (24.1)    158 (26.7)
   ≥30                                                                                   8 (11.4)           22 (17.2)    48 (12.6)    128 (21.6)
  Married/cohabitant                                                                                                                  
   Yes                                                                                   67 (95.7)          122 (95.3)   362 (95.0)   563 (95.1)
   No                                                                                    3 (4.3)            6 (4.7)      19 (5.0)     29 (4.9)
  Pregnancy planning                                                                                                                  
   Yes                                                                                   60 (85.7)          97 (75.8)    307 (80.6)   475 (80.2)
   No                                                                                    10 (14.3)          31 (24.2)    69 (18.1)    111 (18.8)
  Parity                                                                                                                              
   Multiparity                                                                           38 (54.3)          64 (50.0)    203 (53.3)   370 (62.5)
   Primiparity                                                                           32 (45.7)          64 (50.0)    178 (46.7)   222 (37.5)
  Maternal income[a](#tfn15-clep-10-1801){ref-type="table-fn"}                                                                        
   \<16,013 USD                                                                          22 (31.4)          30 (23.4)    96 (25.2)    129 (21.8)
   16,013--54,443 USD                                                                    34 (48.6)          63 (49.2)    218 (57.2)   347 (58.6)
   \>54,443 USD                                                                          11 (15.7)          31 (24.2)    61 (16.0)    96 (16.2)
  Educational level-ongoing                                                                                                           
   \<9 years                                                                             3 (4.3)            1 (0.8)      4 (1.0)      4 (0.7)
   9--12 years                                                                           19 (27.1)          30 (42.9)    88 (23.1)    138 (23.7)
   13--16 years                                                                          26 (37.1)          47 (36.7)    169 (44.3)   245 (41.4)
   \>16 years                                                                            20 (28.6)          49 (38.3)    113 (29.7)   195 (32.9)
  Smoking status in early pregnancy                                                                                                   
   Yes[b](#tfn16-clep-10-1801){ref-type="table-fn"}                                      3 (4.2)            9 (7.0)      29 (7.6)     26 (4.4)
   No                                                                                    51 (72.8)          85 (66.4)    276 (72.4)   454 (76.7)
  Use of recommended supplements (MoBa Q1)                                                                                            
   Yes                                                                                   40 (57.2)          57 (44.5)    214 (56.2)   347 (58.6)
   No                                                                                    30 (42.8)          71 (55.5)    167 (43.8)   245 (41.4)
  LTHMD                                                                                                                               
   Yes[c](#tfn17-clep-10-1801){ref-type="table-fn"}                                      11 (15.7)          10 (7.8)     41 (10.8)    49 (8.3)
   No                                                                                    58 (82.8)          117 (91.4)   334 (87.7)   534 (90.2)
  History of negative reproductive events[d](#tfn18-clep-10-1801){ref-type="table-fn"}                                                
   Yes                                                                                   19 (27.1)          43 (33.6)    130 (34.1)   217 (36.7)
   No                                                                                    51 (72.9)          83 (64.8)    246 (64.6)   365 (61.7)
  Somatic comorbidity (MoBa Q1)                                                                                                       
   No                                                                                    52 (74.4)          99 (77.3)    295 (77.4)   442 (74.7)
   Medicated                                                                             9 (12.8)           15 (11.7)    38 (10.0)    85 (14.4)
   Non-medicated                                                                         9 (12.8)           14 (10.9)    48 (12.6)    65 (10.9)
  Mental comorbidity (MoBa Q1)                                                                                                        
   No                                                                                    61 (87.1)          120 (93.8)   327 (85.8)   514 (86.8)
   Medicated                                                                             4 (5.7)            4 (3.1)      21 (5.5)     23 (4.0)
   Non-medicated                                                                         5 (7.1)            4 (3.1)      33 (8.7)     55 (9.2)

**Notes:**

Women's income status (USD/year): 1.0 NOK≈0.13 USD.

Smokers consist of daily and occasional smokers.

Includes both major depression with and without negative lifetime event.

Previous negative event includes spontaneous abortion/stillbirth, ectopic pregnancy, and termination of pregnancy (MoBa Q1).

**Abbreviations:** BMI, body mass index; LTHMD, lifetime history of major depression; MoBa Q1, Norwegian Mother and Child Cohort Study questionnaire 1; NOK, Norwegian Kroner.

###### 

Drug utilization in the adherence groups

                                                                                  Adherence groups                           
  ------------------------------------------------------------------------------- ------------------ ----------- ----------- -----------
  DDD during gestation                                                            55±5.62            112±6.09    129±3.64    251±3.66
  PDC[a](#tfn20-clep-10-1801){ref-type="table-fn"} during gestation               0.20±0.02          0.40±0.02   0.45±0.01   0.82±0.01
  Medication gaps[b](#tfn21-clep-10-1801){ref-type="table-fn"} during gestation   0.71±0.10          0.88±0.09   1.28±0.06   1.01±0.04
  Prescriptions during gestation                                                  1.60±0.13          2.64±0.09   2.55±0.05   3.13±0.04
  Prescriptions 6 months prior to LMP                                             3.44±0.50          1.18±0.21   5.95±0.19   7.80±0.18
  DDD 6 months prior to LMP                                                       34±5.49            4±0.88      78±2.41     139±2.55

**Notes:**

PDC, total sum of DDDs during gestation/length of gestation in days.

Medication gap is break of 14 days between the previous and next dispensed prescription.

**Abbreviations:** DDD, defined daily dose; LMP, last menstrual period; PDC, proportion of days covered; SE, standard error.

###### 

Multivariate crude and adjusted OR for Decreasing-Low (n=70)[a](#tfn23-clep-10-1801){ref-type="table-fn"} vs other THRT trajectory (n=1,101)

  Variables                                 Crude OR (95% CI)    Adjusted [b](#tfn24-clep-10-1801){ref-type="table-fn"} OR (95% CI)
  ----------------------------------------- -------------------- --------------------------------------------------------------------
  Educational level-ongoing (years)                              
  \<9                                       4.31 (1.08--17.28)   4.10 (1.05--16.03)
  9--12                                     1                    1
  12--16                                    0.74 (0.39--1.38)    0.72 (0.38--1.35)
  \>16                                      0.72 (0.36--1.41)    0.70 (0.35--1.38)
  History of negative reproductive events                        
  Yes                                       0.66 (0.38--1.14)    0.66 (0.38--1.14)
  No                                        1                    1

**Notes:**

There was missing covariates information in 27.7% of the hypothyroid group (n=1,171): education (1.7%), smoking (20.3%), LTHMD (1.5%), BMI (2.6%), income (2.8%), pregnancy planning (0.9%), and negative reproductive history (1.5%).

Independent variables included in the main GEE model were educational level and history of negative reproductive events. These variables were selected using a combined, forward- and backward-model selection, based on the lowest AIC value.

**Abbreviations:** AIC, Akaike Information Criterion; BMI, body mass index; GEE, generalized estimating equation; LTHMD, lifetime history of major depression; THRT, thyroid hormone replacement therapy.
